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A  diaphragm  14  is  formed  in  a  silicon  chip  10  by  etching 
a  rectangular  cavity  in  one  side  thereof  and  piezoresistive 
resistors  18, 30  are  formed  in  the  other  surface  of  the  chip  to 
sense  stress  changes  on  the  diaphragm  14  due  to  pressure 
changes.  At  least  one  resistor  30  is  placed  along  an  edge  16 
of  the  diaphragm  where  a  sharp  stress  ridge  26  occurs.  To 
avoid  the  problem  of inaccurate  placement  of the  resistor  30 
relative  to  the  ridge  26, the  resistor is  slanted  with  respect to 
the  stress  ridge  at  a  small  angle  of  10° to  20°.  This  makes  the 
resistor  placement  and  cavity  alignment  much  less  critical 
thereby  assuring  greater  uniformity  of  response  from  one 
device  to  another  at  the  expense  of  signal  size  for  a  given 
pressure  change  on  the  device. 



T h i s   i n v e n t i o n   r e l a t e s   to   s e m i c o n d u c t o r  

p r e s s u r e   s e n s i n g   d e v i c e s   and  more   p a r t i c u l a r l y   to   s u c h  

d e v i c e s   h a v i n g   a  p r e s s u r e   r e s p o n s i v e   d i a p h r a g m   w i t h   p i e z o -  

r e s i s t i v e   r e s i s t o r s   t h e r e o n   f o r   s e n s i n g   p r e s s u r e   i n d u c e d  

s t r a i n   in  t h e   d i a p h r a g m .  

I t   i s   w e l l   known  to  f a b r i c a t e   a  p r e s s u r e  

s e n s i n g   d e v i c e   by  e t c h i n g   a  c a v i t y   in  one  s i d e   of  a  

s i l i c o n   c h i p   to  fo rm  a  d i a p h r a g m   and  t h e n   fo rm  on  t h e  

d i a p h r a g m   s u r f a c e   s e v e r a l   s t r a i n   s e n s i n g   r e s i s t o r s   f o r  

c o n n e c t i o n   i n t o   a  s t r a i n   m e a s u r i n g   b r i d g e .   I d e a l l y  

a t   l e a s t   one  r e s i s t o r   l i e s   a l o n g   a  h i g h   s t r a i n   p e a k  

or  r i d g e   w h i c h   r u n s   p a r a l l e l   to  t h e   edge   of  t h e   d i a p h r a g m  

and  v e r y   c l o s e   to  t h e   e d g e .   A  r e s i s t o r   t h u s   p l a c e d   t a k e s  

maximum  a d v a n t a g e   of  t h e   s t r a i n   p a t t e r n   on  t h e   d i a p h r a g m  

to  o b t a i n   maximum  s i g n a l   c h a n g e   f o r   a  g i v e n   p r e s s u r e  

c h a n g e .   The  p e a k   of  t h e   s t r a i n   p a t t e r n   i s   so  s h a r p ,  

h o w e v e r ,   t h a t   a l i g n m e n t   of  t h e   r e s i s t o r   p l a c e m e n t   w i t h  

r e s p e c t   to  t h e   c a v i t y   edge   i s   c r i t i c a l .   T h a t   i s ,   i f   t h e  

r e s i s t o r   i s   p l a c e d   a  r e l a t i v e l y   s h o r t   d i s t a n c e   f rom  t h e  

s t r a i n   p e a k ,   i t   can   l i e   in  a  r e l a t i v e l y   low  s t r a i n   r e g i o n .  

T h u s ,   s m a l l   v a r i a n c e s   f rom  one  p r e s s u r e   s e n s o r   to  a n o t h e r  

r e s u l t   in  u n a c c e p t a b l y   l a r g e   v a r i a n c e s   in  r e s i s t o r  

r e s p o n s e   to  p r e s s u r e .   T h u s ,   a  low  y i e l d   of  c o m m e r c i a l l y -  

a c c e p t a b l e   p r e s s u r e   s e n s o r s   i s   t h e   c o n s e q u e n c e   of  p o o r  

u n i f o r m i t y   of  r e s p o n s e .   I t   i s   d e s i r e d ,   h o w e v e r ,   to   a c h i e v e  

a  h i g h   y i e l d   of  p r e s s u r e   s e n s o r s   so  t h a t   t h e y   can  b e  

m a n u f a c t u r e d   e c o n o m i c a l l y   in  h i g h   v o l u m e s .  

I t   i s ,   t h e r e f o r e ,   an  o b j e c t   of  t h i s   i n v e n t i o n  

to   p r o v i d e   a  s e m i c o n d u c t o r   p r e s s u r e   s e n s i n g   d e v i c e  

h a v i n g   a  r e s i s t o r   c o n f i g u r a t i o n   w h i c h   t a k e s   a d v a n t a g e   o f  

t h e   h i g h   s t r a i n   r i d g e   a d j a c e n t   t h e   d i a p h r a g m   e d g e   and  y e t  

d o e s   n o t   h a v e   a  c r i t i c a l   p l a c e m e n t .  

I t   i s   a n o t h e r   o b j e c t   of  t h e   i n v e n t i o n   t o  

p r o v i d e   p r e s s u r e   s e n s i n g   s t r u c t u r e   w h i c h   i s   c o n d u c i v e  



to   m o r e   u n i f o r m   r e s p o n s e   and  t h u s   h i g h e r   y i e l d s   d u r i n g  

p r o d u c t i o n   t h a n   i s   o b t a i n e d   w i t h   p r i o r   a r t   d e v i c e s .  

T h i s   i n v e n t i o n   i s   c a r r i e d   o u t   by  p r o v i d i n g  

a  s e m i c o n d u c t o r   c h i p   c o n t a i n i n g   a  c a v i t y   d e f i n i n g   a  

d i a p h r a g m   s u c h   t h a t   a  h i g h   s t r a i n   r i d g e   o c c u r s   a l o n g   a n  

e d g e   of  t h e   d i a p h r a g m ,   w i t h   a  p l u r a l i t y   of  s t r a i n   s e n s i n g  

r e s i s t o r s   on  t h e   d i a p h r a g m ,   a t   l e a s t   one  of   t h e   r e s i s t o r s  

b e i n g   e l o n g a t e d   and  s l a n t e d   a c r o s s   t h e   h i g h   s t r e s s   r i d g e  

a t   a  s m a l l   a n g l e   to   t h e   r i d g e   so  t h a t   i f   t h e r e   a r e   s m a l l  

v a r i a t i o n s   in   r e s i s t o r   p l a c e m e n t   r e l a t i v e   to   t h e   r i d g e ,   t h e  

r e s i s t o r   s t i l l   w i l l   c r o s s   t h e   r i d g e   and  o n l y   m i n o r  

v a r i a t i o n s   in   r e s i s t o r   r e s p o n s e   to   d i a p h r a g m   s t r a i n   w i l l  

r e s u l t .  

The  a b o v e   and  o t h e r   a d v a n t a g e s   w i l l   be  m a d e  

m o r e   a p p a r e n t   f rom  t h e   f o l l o w i n g   s p e c i f i c a t i o n   t a k e n   i n  

c o n j u n c t i o n   w i t h   t h e   a c c o m p a n y i n g   d r a w i n g s   w h e r e i n   l i k e  

r e f e r e n c e   n u m e r a l s   r e f e r   to   l i k e   p a r t s   and  w h e r e i n :  

F i g u r e   1  i s   a  t o p   v i e w   of  a  p r e s s u r e   s e n s i n g  

s e m i c o n d u c t o r   c h i p   w i t h   r e s i s t o r   p l a c e m e n t   a c c o r d i n g   t o  

t h e   p r i o r   a r t .  

F i g u r e   2  i s   a  c r o s s   s e c t i o n a l   v i e w   of  t h e  

p r e s s u r e   s e n s o r   of  F i g u r e   1 .  

F i g u r e   3  i s   a  c u r v e   i l l u s t r a t i n g   t h e   p a t t e r n  

of  p r e s s u r e   i n d u c e d   s t r a i n   a l o n g   t h e   s u r f a c e   of  t h e  

s e m i c o n d u c t o r   p r e s s u r e   s e n s o r .  

F i g u r e   4  i s   a  p l a n   v i e w   of  a  p o r t i o n   of  a  

p r e s s u r e   s e n s i n g   d e v i c e   w i t h   r e s i s t o r   c o n f i g u r a t i o n  

a c c o r d i n g   to  t h e   i n v e n t i o n ,   a n d  

F i g u r e   5  i s   a  d i a g r a m   i l l u s t r a t i n g   t h e  

g e o m e t r i c a l   r e l a t i o n s h i p s   w i t h i n   t h e   s e m i c o n d u c t o r   p r e s s u r e  

s e n s i n g   d e v i c e   a c c o r d i n g   to   t h e   i n v e n t i o n .  

F i g u r e s   1  and  2  i l l u s t r a t e   a  s e m i c o n d u c t o r  

p r e s s u r e   s e n s i n g   d e v i c e   a c c o r d i n g   to  t h e   p r i o r   a r t   w h i c h  

c o m p r i s e s   a  s i l i c o n   c h i p   10  h a v i n g   a  c a v i t y   12  e t c h e d  

t h e r e i n   on  one  s i d e   to   f o r m   a  d i a p h r a g m   14  of   a b o u t   1  m i l  



( 0 . 0 2 5 4   mm)  t h i c k n e s s   so  t h a t   i t   r e a d i l y   r e s p o n d s   to   c h a n g e s  

in   d i f f e r e n t i a l   p r e s s u r e   a p p l i e d   a c r o s s   t h e   d i a p h r a g m .  

The  edge   16  of  t h e   d i a p h r a g m   is   g e n e r a l l y   r e c t a n g u l a r   i n  

s h a p e   and  e n c o m p a s s e s   an  a r e a   of  t y p i c a l l y   30  or  40  m i l s  

( 0 . 7 6 2  -   1 . 0 1 6   mm)  on  e a c h   s i d e .   A c c o r d i n g   to  t h e   u s u a l  

p r a c t i c e ,   a  p a i r   of  r e s i s t o r s   18  e x t e n d   in  a  d i r e c t i o n  

g e n e r a l l y   t o w a r d s   t h e   c e n t e r   of  t h e   d i a p h r a g m   to  m e a s u r e  

t h e   d i a p h r a g m   s t r a i n   in   t h e   r a d i a l   d i r e c t i o n   and  a  s e c o n d  

p a i r   of  r e s i s t o r s   20  e x t e n d   p a r a l l e l   to   t h e   d i a p h r a g m  

edge   to   m e a s u r e   t h e   s t r a i n   in   t h e   s o - c a l l e d   t a n g e n t i a l  

d i r e c t i o n .   The  r e s i s t o r s   c o m p r i s e   t h i n   e l o n g a t e d   s t r i p s  

a b o u t   1  m i l   ( 0 . 0 2 5 4   mm)  w i d e   and  s u f f i c i e n t   l e n g t h ,   s a y  
10  to  15  m i l s   ( 0 . 2 5 4  -   0 . 3 8 1   mm),  to   p r o v i d e   a  d e s i r e d  

r e s i s t a n c e   and  a r e   c o n n e c t e d   to   c o n t a c t   a r e a s   22  a t   e i t h e r  

end  w h i c h   have   a t   l e a s t   a  p o r t i o n   l y i n g   b e y o n d   t h e  

d i a p h r a g m   edge   16.  The  r e s i s t o r s   18  a r e   e a c h   f o r m e d   i n  

two  p a r a l l e l   s e g m e n t s   c o n n e c t e d   by  c o n t a c t   a r e a s   24  on  t h e  

d i a p h r a g m .   The  r e s i s t o r s   and  c o n t a c t   a r e a s   t o g e t h e r  

c o m p r i s e   i s l a n d - l i k e   r e g i o n s   of  one  c o n d u c t i v i t y   t y p e   i n  

a  s i l i c o n   s u r f a c e   of  t h e   o p p o s i t e   c o n d u c t i v i t y   t y p e   f o r m e d  

by  ion   i m p l a n t a t i o n   or  d i f f u s i o n .  

F i g u r e   3  d i a g r a m m a t i c a l l y   i l l u s t r a t e s   t h e  

s t r a i n   m e a s u r e d   a t   v a r i o u s   p o i n t s   a l o n g   the   s e n s o r   c h i p  

b e g i n n i n g   a t   a  p o i n t   o u t s i d e   t h e   d i a p h r a g m   a b o u t   9  m i l s  

( 0 . 2 2 8 6   mm)  f rom  t h e   e d g e   and  t h e n   p r o c e e d i n g   t o w a r d   t h e  

d i a p h r a g m   c e n t e r .   T h a t   i s ,   t h e   d i a p h r a g m   edge   16  o c c u r s  

a t   9  m i l s   ( 0 . 2 2 8 6   mm)  on  t h e   d i a p h r a g m .   T h u s ,   i t   i s   s e e n  

t h a t   a  s h a r p   s t r a i n   p e a k   o c c u r s   j u s t   i n s i d e   t he   d i a p h r a g m  

edge   a b o u t   1  m i l   ( 0 . 0 2 5 4   mm)  f rom  t h e   e d g e .   The  peak   26  

a c t u a l l y   f o r m s   a  r i d g e   s i n c e   i t   e x t e n d s   a l o n g   t h e   d i a p h r a g m  

edge   and  p a r a l l e l   t h e r e t o   as  shown  by  a  b r o k e n   l i n e   26  i n  

F i g u r e   1.  I d e a l l y   t h e   r e s i s t o r   20  e x t e n d s   a l o n g   t h e   h i g h  

s t r a i n   r i d g e   26  in  o r d e r   to   o b t a i n   a  maximum  s i g n a l   r e s p o n s e  

f o r   any  c h a n g e   in  p r e s s u r e .   The  a c c u r a c y   of  p l a c e m e n t   o f  

t h e   r e s i s t o r   20  r i g h t   on  t h e   r i d g e   26  d e p e n d s   n o t   o n l y   o n  

t h e   a c c u r a c y   of  r e g i s t r a t i o n   of  v a r i o u s   masks   u s e d   i n  



r e s i s t o r   f o r m a t i o n   and  in   t h e   c a v i t y   e t c h i n g   s t e p   b u t   a l s o  

in   t h e   c o n t r o l   of  t h e   e t c h i n g .   The  a c t u a l   s i z e   of  t h e  

c a v i t y   12  and  t h u s   t h e   p o s i t i o n   of  t h e   e d g e s   16  can  v a r y  
s o m e w h a t   a c c o r d i n g   to   how  w e l l   t h e   e t c h i n g   i s   c o n t r o l l e d .  

T h u s ,   t h e   d i s t a n c e   of  t h e   r e s i s t o r   20  f rom  t h e   edge   16  

may  v a r y .   As  can   be  s e e n   f rom  t h e   c u r v e   of  F i g u r e   3,  i f  

t h e   r e s i s t o r   p l a c e m e n t   m i s s e s   t h e   s t r a i n   r i d g e   26  by  a  

s m a l l   a m o u n t ,   say  1  m i l   ( 0 . 0 2 5   mm),  t h e n   t h e   r e s i s t o r  

s e n s i t i v i t y   to   d i a p h r a g m   p r e s s u r e   w i l l   be  d r a m a t i c a l l y  

r e d u c e d   and  may  v e r y   w e l l   be  u n a c c e p t a b l e ,   p a r t i c u l a r l y  

w h e r e   i t   i s   d e s i r e d   to   f a b r i c a t e   a  l a r g e   n u m b e r   of  s e n s o r s  

h a v i n g   s o m e w h a t   u n i f o r m   r e s p o n s e   c h a r a c t e r i s t i c s .  

As  i l l u s t r a t e d   in   F i g u r e   4,  t h e   c r i t i c a l i t y  

of  r e s i s t o r   p l a c e m e n t   i s   v e r y   much  l e s s e n e d   by  s l a n t i n g  

t h e   r e s i s t o r   30  a t   a  s m a l l   a n g l e   w i t h  r e s p e c t   to   t h e  

d i a p h r a g m   e d g e   16  and  t h e r e f o r e   to   t h e   s t r a i n   r i d g e   2 6 .  

T h i s   a l l o w s   f o r   some  v a r i a t i o n   in  r e s i s t o r   p l a c e m e n t   w i t h  

r e s p e c t   to  t h e   edge   16  by  k e e p i n g   a t   l e a s t   a  p o r t i o n   o f  

t h e   r e s i s t o r   30  in   t h e   h i g h   s t r a i n   z o n e .   S i n c e   some  o f  

t h e   r e s i s t o r   w i l l   be  in  r e l a t i v e l y   low  s t r a i n   r e g i o n s  

of  t h e   c u r v e   of  F i g u r e   3,  t h e   o v e r a l l   s i g n a l   c h a n g e   f o r  

a  g i v e n   p r e s s u r e   c h a n g e   w i l l   be  l e s s   t h a n   t h e   i d e a l   c a s e  

of  F i g u r e   1.  H o w e v e r ,   t h e   u n i f o r m i t y   of  s i g n a l   c h a n g e  

f r o m   one  s e n s o r   to  a n o t h e r   w i l l   be  much  g r e a t e r   so  t h a t  

t h e   o v e r a l l   y i e l d   of  t h e   s e n s o r   f a b r i c a t i o n   p r o c e s s   w i l l  

be  g r e a t e r .   The  a n g l e   b e t w e e n   t h e   r e s i s t o r   30  and  t h e  

s t r a i n   r i d g e   26  s h o u l d   be  as  s m a l l   as  i s   p r a c t i c a l   i n  

o r d e r   to   m a x i m i z e   t h e   s i g n a l   c h a n g e   and  t h e   p a r t i c u l a r  

a n g l e   d e p e n d s   u p o n   t h e   a c c u r a c y   w i t h   w h i c h   t h e   e t c h i n g  

and  o t h e r   g e o m e t r y   c o n t r o l l i n g   s t e p s   can  be  c o n t r o l l e d .  

The  g e o m e t r i c a l   r e l a t i o n s h i p s   a r e   e x e m p l i f i e d   in  F i g u r e   5 

w h e r e   t h e   nominal   c a v i t y   e d g e   16  d e t e r m i n e s   t h e   p o s i t i o n  

of  t h e   n o m i n a l   s t r a i n   r i d g e   26  r e l a t i v e   to   t h e   f i x e d  

r e s i s t o r   30  w h i c h   i s   c e n t e r e d   on  t h e   n o m i n a l   r i d g e   26  

and  i s   p o s i t i o n e d   a t   an  a n g l e   6  t h e r e t o .   Due  t o  

m a n u f a c t u r i n g   t o l e r a n c e s ,   t h e   a c t u a l   c a v i t y   edge   and  s t r a i n  



r i d g e   p o s i t i o n   w i l l   v a r y   f r o m   t h e   n o m i n a l   p o s i t i o n   by  a  

d i s t a n c e   of  p l u s   or  m i n u s   " a " .   The  l i n e s   26'   and  2 6 "  

s p a c e d   a  d i s t a n c e   "a"  on  e i t h e r   s i d e   of  t h e   n o m i n a l   s t r a i n  

r i d g e   26  i n d i c a t e   t h e   a c c e p t a b l e   l i m i t s   to  r i d g e   p o s i t i o n  

f r o m   s e n s o r   to   s e n s o r   to   d e f i n e   a  t o l e r a n c e   b a n d .   T h e  

e n d s   "b"  and  "c"  of  a  l i n e   d e f i n i n g   t he   l o n g i t u d i n a l  

r e s i s t o r   a x i s   of  t h e   s l a n t e d   r e s i s t o r   30  a r e   p o s i t i o n e d  

j u s t   o u t s i d e   t h e   s t r a i n   r i d g e   l i m i t s   26'   and  2 6 "   so  t h a t  

w h e r e v e r   t h e   s t r a i n   r i d g e   o c c u r s   w i t h i n   t h o s e   l i m i t s ,   t h e  

r e s i s t o r   30  w i l l   t r a v e r s e   t h e   t o l e r a n c e   band   i n c l u d i n g  

t h e   s t r a i n   r i d g e   26.  The  a c t u a l   s i z e   of  t h e   a n g l e   e  

d e p e n d s   upon   t h e   l e n g t h   of  t h e   r e s i s t o r   30  and  t h e  

p r o d u c t i o n   t o l e r a n c e   "a"  w h i c h   d e t e r m i n e s   t h e   p o s i t i o n  

of  t h e   r e s i s t o r   30  r e l a t i v e   to  t h e   s t r a i n   r i d g e   26.  T h u s ,  

f o r   a  g i v e n   t o l e r a n c e   " a " ,   t h e   a n g l e   6  w i l l   be  s m a l l e r  

f o r   l o n g e r   r e s i s t o r s   30  and  i t   w i l l   be  l a r g e r   f o r   s h o r t e r  

r e s i s t o r s   30.  By  k e e p i n g   t h e   t o l e r a n c e   "a"  as  s m a l l   a s  

p o s s i b l e ,   t h e   a n g l e   6  i s   a l s o   k e p t   s m a l l   to  o p t i m i z e   t h e  

r e s i s t o r   r e s p o n s e   to   s t r a i n .   Where   t he   t o l e r a n c e   " a "  

is   1 .5   m i l s   ( 0 . 0 3 8 1   mm)  and  t h e   r e s i s t o r   30  l e n g t h   i s   1 0 . 4  

m i l s   ( 0 . 2 6 4 2   mm)  or  1 4 . 5   m i l s   ( 0 . 3 6 8 3   mm),  f o r   e x a m p l e ,  

t h e   a n g l e   e  i s   a b o u t   17°  or  12°  r e s p e c t i v e l y .   D e p e n d i n g  

on  t h e   t o l e r a n c e   a f f o r d e d   by  the   f a b r i c a t i o n   p r o c e s s  

and  t h e   d e s i g n   l e n g t h   of  t h e   r e s i s t o r ,   t he   a n g l e   6  m a y ,  

as  a  p r a c t i c a l   m a t t e r   f a l l   w i t h i n   t he   r a n g e   of  10°  t o  
2 0 ° .   Even   a  s m a l l   a n g l e   e  may  e f f e c t   a  s i g n i f i c a n t  

i n c r e a s e   in  y i e l d ,   say  a  10%  i m p r o v e m e n t .   S i n c e   t h e  

a c t u a l   s t r a i n   r i d g e   26  v a r i e s   in   i t s   p o s i t i o n   r e l a t i v e  

to  t h e   r e s i s t o r   30  and  t h e   s t r a i n   c u r v e   i s   u n s y m m e t r i c a l ,  

t h e   r e s i s t o r   r e s p o n s e   to  s t r a i n   w i l l   a l s o   v a r y   b u t   by  a n  

a m o u n t   w h i c h   i s   s m a l l   c o m p a r e d   to  t h e   c o r r e s p o n d i n g  

v a r i a t i o n s   o c c u r r i n g   in   t h e   p r i o r   a r t   c o n f i g u r a t i o n   o f  

F i g u r e   1.  T h a t   i s ,   t h e   s l a n t e d   r e s i s t o r ,   s i n c e   i t   a l w a y s  

c o v e r s   t h e   s t r a i n   r i d g e   26  as  w e l l   as  l o w e r   s t r a i n   v a l u e s ,  

p r o v i d e s   a  r e l a t i v e l y   u n i f o r m   r e s p o n s e   to  s t r a i n   w i t h i n  

a c c e p t a b l e   m a n u f a c t u r i n g   t o l e r a n c e s   even   t h o u g h   t h e   s i g n a l  



s i z e   i s   l e s s   t h a n   t h a t   of  t h e   r e s i s t o r   20  of   t h e   F i g u r e  

1  c o n f i g u r a t i o n .  

I t   w i l l   t h u s   be  s e e n   t h a t   a c c o r d i n g   to   t h e  

p r e s e n t   i n v e n t i o n   a  s e m i c o n d u c t o r   p r e s s u r e   s e n s i n g  

d e v i c e   i s   p r o v i d e d   w h i c h   has   a  g r e a t e r   e a s e   of  m a n u f a c t u r i n g  

to  p r o d u c e   s e n s o r s   s u f f i c i e n t l y   u n i f o r m   in   r e s p o n s e   t o  

p r e s s u r e   d u r i n g   m a n u f a c t u r e   t h e r e o f ,   so  as  to   p r o v i d e  

a  h i g h   y i e l d   of  c o m m e r c i a l l y - a c c e p t a b l e   s e n s o r s .  



1.  A  p r e s s u r e   s e n s i n g   d e v i c e   c o m p r i s i n g   a  

s e m i c o n d u c t o r   c h i p   (10)  c o n t a i n i n g   a  c a v i t y   ( 1 2 )  

d e f i n i n g   a  d i a p h r a g m   (14)  s u b j e c t   to   d e f l e c t i o n   i n  

r e s p o n s e   to  p r e s s u r e ,   t h e   d i a p h r a g m ,   upon   d e f l e c t i o n ,  

h a v i n g   an  e l o n g a t e d   h i g h   s t r a i n   r i d g e   (26)  a d j a c e n t  

and  p a r a l l e l   to  a  d i a p h r a g m   e d q e   ( 1 6 ) ,   a n d  

a  p l u r a l i t y   of  p i e z o r e s i s t i v e   r e s i s t o r s  

(18,   30)  in   t h e   c h i p   (10)  f o r   s e n s i n g   s t r a i n   in  t h e  

d i a p h r a g m   ( 1 4 ) ,   a t   l e a s t   one  of  s a i d   r e s i s t o r s   ( 3 0 )  

b e i n g   u s e d   f o r   m e a s u r i n g   t h e   s t r a i n   in   t h e   s t r a i n   r i d g e  

p a r a l l e l   to   t h e   d i a p h r a g m   e d g e ,   c h a r a c t e r i s e d   in  t h a t  

s a i d   one  r e s i s t o r   (30)  i s   e l o n g a t e d   and  s l a n t e d   a c r o s s  

t h e   h i g h   s t r a i n   r i d g e   (26)  w i t h   t h e   l o n g i t u d i n a l   r e s i s t o r  

a x i s   (bc)  t h e r e o f   d i s p o s e d   a t   an  a n g l e   l a r g e   e n o u g h   t o  

s i g n i f i c a n t l y   i n c r e a s e   y i e l d s   d u r i n g   m a n u f a c t u r e   t h e r e o f  

c o m p a r e d   to  r e s i s t o r s   p a r a l l e l   to  t h e   s t r a i n   r i d g e   a n d  

s m a l l   e n o u g h   to  h a v e   good   r e s i s t o r   r e s p o n s e   to  d i a p h r a g m  

s t r a i n ,   so  t h a t   s m a l l   v a r i a t i o n s   in  r e s i s t o r   p l a c e m e n t  

r e l a t i v e   to  t h e   s t r a i n   r i d g e   r e s u l t   in  o n l y   m i n o r  

v a r i a t i o n s   in   r e s i s t o r   r e s p o n s e   to   d i a p h r a g m   s t r a i n .  

2.  A  p r e s s u r e   s e n s i n g   d e v i c e   a c c o r d i n g   to  c l a i m  

1,  c h a r a c t e r i s e d   in  t h a t   t h e   l o n g i t u d i n a l   r e s i s t o r   a x i s  

(bc)  of  s a i d   one  r e s i s t o r   (30)  i s   d i s p o s e d   a t   an  a n g l e  

in  t h e   a p p r o x i m a t e   r a n g e   of  10°  to   20°  w i t h   r e s p e c t  

to   s a i d   h i g h   s t r a i n   r i d g e   ( 2 6 ) .  
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